Abstract Recent data indicates that nucleoside/nucleotide analogue (NUC) is effective in preventing and controlling hepatitis B virus (HBV) reactivation in HBV-carrying cancer patients who undergo chemotherapy, but the ideal antiviral agent and optimal application protocol still needs to be determined. Meanwhile, it is uncertain whether those with past HBV infection require antiviral prophylaxis during chemotherapy. This report retrospectively analyzed nonHodgkin's lymphoma (NHL) patients seen from January, 2004 to June, 2009 in West China Hospital. We found that the prevalence of chronic HBV infection in our NHL patients was 20.7 % while that of past HBV infection was 21.05 %. Compared with the high rate (25.6 %) of HBV reactivation in patients with chronic HBV infection, none of those with past HBV infection in fact had occult HBV infection thus none experienced reactivation. Of the 82 patients with chronic HBV infection who received chemotherapy, antiviral prophylaxis could significantly reduce the incidence of HBV reactivation (5.0 vs. 45.2 % in the control group) and the incidence of liver function damage (32.5 vs. 73.8 % in the control group). The results of the current study confirmed previous reports that prophylactic NUCs administration can effectively prevent HBV reactivation and significantly reduce the incidence of HBV reactivation especially for patients receiving rituximab-containing regimens. Due to the fact that none of individuals who had past HBV infection developed HBV reactivation reported in our study, antiviral prophylaxis may not be required for patients with past HBV infection. Close observation of alanine aminotransferase and HBV-DNA contributes to early diagnosis and timely treatment of HBV reactivation.
Introduction
Hepatitis B is a major public health problem in the world. To the data of World Health Organization (WHO), it is estimated that about 2 billion people globally have been infected with the virus and approximately 350 million are chronically infected. Hepatitis B virus (HBV) is endemic in Asian countries. The prevalence of HBV infection, defined as the presence of hepatitis B surface antigen (HBsAg) in the blood, may be as high as 9.09 % among population aged over 3-year-old in China [1] . In addition, the presence of hepatitis B core antibody (HBcAb) is evidence of past HBV infection in individuals who are negative for HBsAg. Meanwhile, the epidemiology and incidence of patients with past HBV infection are uncertain. Moreover, occult HBV infection is used to describe the presence of HBV DNA without hepatitis B surface antigenemia. The prevalence of occult HBV is unclear and it is often observed in patients with HBcAb as the only HBV serological marker [2] . With a high rate of HBV carriers in non-Hodgkin's lymphoma (NHL) patients compared with the HBV carrier rate of the general population being frequently reported [3] , HBV reactivation induced by anticancer agent has become a well-recognized complication both in HBV inactive carriers and individuals with progressive chronic HBV infection. More importantly, it may result in varying degree of liver damage ranging from mild transient elevation of aminotransferase levels to fatal fulminant hepatic failure. It can even shorten survival prognosis. HBV reactivation may become a more common problem with the increasing incidence of NHL and the more widespread use of anticancer agent.
The nucleoside/nucleotide analogue (NUC) is a potent inhibitor of HBV replication, such as lamivudine, adefovir, and some new analogues (entecavir, telbivudine and tenofovir). It is an effective suppressor of HBV replication that reduces HBV-DNA in serum and improves liver injury in patients with hepatitis B. Several studies reported a beneficial effect of antiviral prophylaxis in the management of chemotherapy-induced HBV reactivation in patients with NHL who are positive for HBsAg [4] [5] [6] [7] [8] . However, the benefits of antiviral prophylaxis for the patients who had past HBV infection are unknown.
As immunotherapy such as rituximab is proved to be effective in the treatment of CD20-positive B cell lymphomas, it is increasingly incorporated into chemotherapy regimens. However, a study by Sera et al. [9] has shown that rituximab can affect the immunity against HBV, consequently increasing viral replication. In fact, there were several case reports of fulminant liver failure due to HBV reactivation in patients with either chronic HBV infection or past HBV infection (HBsAg negative, HBcAb positive) after treatment with rituximab, sometimes proving fatal [10] [11] [12] [13] . The events leading to HBV reactivation during rituximab given alone or in combination with chemotherapy are presently being paid close attention.
Hence, in the current study, our aim was (1) to discuss the effect of prophylactic NUCs treatment and combined chemotherapy regimens which contain rituximab in HBV carriers or patients with past HBV infection who were receiving systemic treatment, and (2) to summarize the measures and efficacy for prevention and treatment in these kind of patients who encounter HBV reactivation or liver function damage during chemotherapy in our hospital.
Patients and Methods

Patients and Follow-up
The institutional review board approved this research project.
Data was collected from inpatient cases in hematology and oncology department of West China Hospital. We retrospectively analyzed 846 patients with NHL seen from January, 2004 to June, 2009. Four hundred ninety two patients were tested for HBsAg before treatment. Meanwhile, HBsAb and HBcAb test were both performed for 133 out of these patients. We altogether found 110 patients in accordance with key eligibility criteria as follows: newly diagnosed, histologically proven NHL and positive HBsAg and/or HBcAb; prechemotherapy liver function was basically normal, including alanine aminotransferase (ALT), total bilirubin (TB) and alkaline phosphatase (ALP) levels less than 1.25 times the upper limit of normal range (ULN)(normal B55 IU/L) and albumin(ALB) C30 g/L; pre-chemotherapy HBV DNA level was no more than 10 5 copies/mL. All participants were staged before treatment using the Ann Arbor staging system and received at least 2 cycles of systemic chemotherapy. Key exclusion criteria included: hepatocellular carcinoma or other primary liver diseases, such as hepatitis A, chronic hepatitis C, hepatitis D, or autoimmune hepatitis.
Participants were followed-up at least for 1 year from the date of diagnosis. Liver function tests, which included ALT, AST, ALP, GGT, LDH, ALB, GLB, TBIL, DBIL, had been performed prior to each cycle of chemotherapy being commenced and 1-2 months after completion of chemotherapy. The majority of patients had been tested for HBV DNA levels during the course of chemotherapy. According to whether NUCs and/or rituximab were used, patients with chronic HBV infection who was tested positive for HBsAg were divided into two group pairs. Prophylactic group patients started nucleoside analogue antiviral treatment before occurring liver function damage (an increase in ALT levels C2-fold and HBV DNA levels C10-fold compared with baseline levels) due to HBV reactivation. Rituximab group patients got at least four courses treatment of rituximab alone or in combination with chemotherapy. All the HBV DNA quantification tests were performed by the clinical laboratory of West China Hospital.
Definitions
The severity of hepatitis was defined according to WHO criteria. Grade I was defined as an elevation in the ALT or TB level [(1.25-2.5) 9 ULN; Grade II was defined as an elevation [(2.5-5.0) 9 ULN; Grade III was defined as an elevation [(5.0-10.0) 9 ULN; and Grade IV was defined as an elevation [10.0 9 ULN.
Hepatitis that was attributable to HBV reactivation was defined as an increase in HBV DNA levels C10-fold compared with baseline levels or an absolute increase [10 5 copies/mL in the HBV DNA level in the absence of other systemic infection. For the purpose of this study and based on a definition described by Yeo et al., HBV reactivation was defined as an increase in HBV DNA levels C10-fold compared with baseline levels accompanied with liver function damage during the course of chemotherapy or after the completion of chemotherapy.
Disruption of chemotherapy was defined as either a premature termination of chemotherapy or a delay more than 8 days of chemotherapy between cycles.
Statistical Analysis
Patient background characteristics included age, gender, stage, and immunopathology. Two groups were compared by using Chi-square tests or Fisher's exact tests, which also were used to compare the incidence of HBV reactivation and liver function damage between the groups. Two-tailed P values of B0.05 were regarded as significant. The statistical analyses were done using the SPSS13.0 software. Figure 1 summarized the hepatitis B profile of the NHL patients in current study. Among the 492 patients tested for HBsAg, the prevalence of chronic HBV infection was 20.7 % (102 of 492). Importantly, all of these 102 patients had a HBV DNA test performed, which was positive in 26 patients. The pre-chemotherapy HBV DNA level was less than 10 5 copies/mL in 15 patients while other 11 patients' HBV DNA level was over 10 5 copies/mL. Of the 133 patients who received both HBsAg and HBcAb tests, 28 (21.05 %) tested positive for HBcAb only. And 25 of these 28 patients had a HBV DNA test performed, which was negative in all these patients. All of the 28 patients with past HBV infection received chemotherapy without having antiviral prophylaxis when informed consent was obtained; there were 5 females and 23 males.
Results
Patients' Characteristics
Median age of these patients was 54.5 years (range: 21-77), and there were 19 patients who were accepted for classic CHOP chemotherapy and 9 patients with B cell types were treated with a regimen including rituximab. Table 1 summarized the baseline characteristics of the 82 patients with chronic HBV infection who received chemotherapy. Median age of these patients was 47 years (range: 12-78). They received a median of 7 cycles of chemotherapy (range: 2-15). As shown, there was no significant difference between prophylactic and control group with regard to gender distribution, age, stage, immunopathology and HBeAg status. However, patients in the rituximab group appeared more likely to be given prophylactic antiviral treatment (19 vs. 9; P = 0.013) and have B cell types (28 vs. 0; P = 0.038).
Clinical Outcomes of Patients Developing
All of the 28 patients who had past HBV infection underwent systemic treatment, including 9 receiving rituximab. It is interesting to note that none of the patients with past HBV infection received antiviral prophylaxis, compared with 48.78 % of the patients with chronic HBV infection. Furthermore, we noted that none of the 28 patients experienced HBV reactivation.
Among the 102 patients with chronic HBV infection at the time of diagnosis, 13 refused to receive systemic treatment and 7 patients whose HBV DNA level was over 10 5 copies/mL had no chemotherapy but received NUC administration more than 1 month. Of the 40 patients with chronic HBV infection in the prophylactic group, the median number of chemotherapy cycles was 8 (range: 2-15 cycles). The choice of the antiviral agents included: 2 of the 40 patients with adefovir (at a dose of 10 mg daily), 1 Fig. 1 Hepatitis B profile of non-Hodgkin's lymphoma patients is shown. HBsAg indicates hepatitis B virus(HBV) surface antigen; HBcAb, antibody to hepatitis B core antigen; -ve, negative; ?ve, positive patient with entecavir (at a dose of 0.5 mg daily), 1 patient with telbivudine (at a dose of 600 mg daily), and other 36 of the 40 patients with lamivudine (at a dose of 100 mg daily). Liver function damage occurred in 13 patients; 2 episodes were attributed to HBV reactivation. According to WHO acute toxicity assessment criteria, the severity of hepatitis was Grade I in 7 patients, Grade II in 4 patients, and Grade IV in 2 patients. The antiviral agents were tolerated well and were not associated with any unexpected or additional toxicity from chemotherapy. By contrast, of the 42 patients in the control group, the median number of chemotherapy cycles was 6 (range: 2-15 cycles). Thirty one patients developed liver function damage; the severity of hepatitis was Grade I in 14 patients, Grade II in 9 patients, Grade III in 3 patients, and Grade IV in 5 patients. A total of 19 patients developed HBV reactivation and 18 of these episodes presented abnormal liver function. One case worthy to be pointed out was that the patient was died of serious infection without liver function damage when the HBV DNA elevation was detected after the completion of chemotherapy. Tables 2 and 3 compared the HBV DNA reactivation and chemotherapy-associated hepatitis between the prophylactic and control groups respectively. In the prophylactic group, there was significantly less incidence of HBV reactivation (5.0 vs. 45.2 % in the control group; P = 0.000), In the rituximab group, the median number of chemotherapy cycles was 6.5 (range: 2-15 cycles). Liver function damage occurred in 11 patients including Grade I in 7 patients, Grade II in 2 patients, and Grade IV in 2 patients. By contrast, the median number of chemotherapy cycles in the non-rituximab group was 7 (range: 2-15 cycles). Thirty three patients presented abnormal liver function; the severity of hepatitis was Grade I in 14 patients, Grade II in 11 patients, Grade III in 3 patients, and Grade IV in 5 patients. The occurrence rate of liver function damage was similar between the two groups.
Of the 28 patients with chronic HBV infection who having rituximab-based treatment, 6 patients experienced reactivation and all of them did not receive antiviral prophylaxis. The incidence of HBV reactivation in those without prophylactic NUC treatment was significantly higher than those who received antiviral prophylaxis (66.7 vs. 0.0 %; P = 0.000). Patients who got prophylactic NUC treatment had a significantly lower risk of liver function damage (21.1 vs. 77.8 %; P = 0.010).
HBV reactivation occurred in 21 participants in the current study. NUCs antiviral treatment (lamivudine 100 mg once daily) was initiated after diagnosis of HBV reactivation in 11 patients. Nine patients had marked decline in HBV DNA levels following initiation of lamivudine therapy. For a median of 2 months (range: 0.5-6 months) later, the serum HBV DNA was undetectable. Only one patient's regimen was then changed to adefovir due to treatment failure with lamivudine, by the way, the tyrosine-methionine-aspartate-aspartate (YMDD) motif mutation was detected. The patient steadily improved and his serum HBV DNA was undetectable later. Remaining one patient developed fulminant hepatic failure and died. Supportive therapy without antiviral treatment was given in other 10 patients. Only one out of the ten patients who was simultaneously diagnosed with herpes simplex virus (HSV) infection received acyclovir; 3 months later, his serum HBV DNA was undetectable. However, HBV DNA was still detectable in remaining 9 patients. During the course of antiviral treatment, NUCs were safe, free from toxicity, and could be well-tolerated. 
Discussion
The prevalence of chronic HBV infection in our NHL patients was 20.7 %, while that of past HBV infection was 21.05 %. As compare to a study by Targhetta et al. [14] involving 1,087 NHL patients, among whom 36 % were found to be isolated HBcAb positive, the prevalence of past HBV infection is relatively low in present study. Moreover, none of them in fact had occult HBV infection, defined as a detectable HBV DNA level. This finding may be in contrast to a recent study including 58 patients testing positive for HBcAb only and having a HBV DNA test performed, of whom 5.2 % found to have occult HBV infection [15] .
Because of the small sample size, we also suggest that patients with isolated HBcAb positive still need to test HBV DNA levels for the screening of HBV infection. Some patients with HBV viremia who have not been detected are also at risk of HBV reactivation. The high rate (25.6 %) of HBV reactivation in patients with chronic HBV infection was consistent with previous reports which suggested the incidence of HBV reactivation in the population of HBsAg positive lymphoma during chemotherapy was 20-55 % [16] . Two possible mechanisms may be involved in HBV reactivation. Immunosuppression due to chemotherapy may enhance HBV replication and thereby result in direct toxicity of hepatocytes. One the other hand, the administration of cytotoxic/ immunosuppressive agents may allow widespread infection of hepatocytes. Then, hepatocyte destruction could appear while immune response recovers after withdrawal of chemotherapy [17] . Because of study limitations and unavailability of data, we could not analyze some important questions. Previous studies suggested that ALT elevation that occurred in chemotherapy-induced HBV reactivation was usually preceded by HBV DNA elevation for 2-3 weeks [18, 19] . Some worth to be noticed in the current study was that HBV DNA surge was tested after 1 month of the ALT elevation in 2 patients. This lack of timely monitoring of the parameters may reflect the results. For chemotherapy-associated hepatitis, monitoring of HBV DNA level is now the gold standard for diagnosis of HBV reactivation. Therefore, patients without NUC prophylaxis should be monitored weekly or biweekly by HBV DNA quantification during the course of chemotherapy so that antiviral therapies could be given in time [18] .
To the best of our knowledge, prophylactic use of an effective NUC can be an attractive way to prevent hepatitis during chemotherapy. A number of reports indicated that antiviral prophylaxis could significantly reduce the incidence and severity of hepatitis in HBV carriers who receive chemotherapy [4, 5, 8, 20] . Our study confirmed the efficacy of NUCs in preventing chemotherapy-associated HBV reactivation in NHL patients during chemotherapy.
No hepatic enzyme flares or reduction in chemotherapy dosage were observed in those receiving this agent. Also, as reported by other investigators, the adverse effect profile of NUCs does not overlap with that of chemotherapeutic agents making this agent particularly suitable for simultaneous use with chemotherapy and having a good safety record [6, 7, 21] . Despite the benefits of prophylactic NUCs approach, the administrations of NUCs prophylaxis in patients with chronic HBV infection were less than half in our study. And for the majority of patients, lamivudine is selected and used. For the reason that relatively low cost of antiviral medications and high cost of managing patients with hepatitis flares or hepatic failure, it should be used widely in developing countries. Nevertheless, it is wellknown that long-term lamivudine therapy is limited by the appearance of antiviral resistance [22] . Thus, some newer agents with the optimal resistance profile, i.e. entecavir or tenofovir, as first-line monotherapies especially in patients those with a high HBV DNA level who need for long-term (more than 12 months) NUC administration have been recommended in 2009 and 2012 guidelines published by EASL [23, 24] .
The results of the present study found the risk of reactivation during the course of systemic chemotherapy to be low in patients with past HBV infection; none of the 28 patients experienced reactivation. But it is of note that accumulating evidence shows that patients with past HBV infection are still at risk for reactivation after use of anticancer agents, especially given rituximab, and may be considered for prophylaxis [12, 13, 25] . Although this issue was not explicitly expounded in our manuscript due to the small case number, it may be considerate as an important issue in future studies. We suggest the routine use of antiviral prophylaxis in this group of patients might not be required for the low risk of reactivation and high cost of antiviral medications.
We observed that although most patients continued antiviral agents for 1-3 months after completion of chemotherapy, HBV reactivation after withdrawal from antiviral agents was still found. American Association for the Study of Liver Diseases recommended that the prophylaxis should be initiated 2-3 weeks before chemotherapy and maintained for 6-12 months after cessation of therapy, based on level III evidence. More importantly, in those with a high baseline viral load [2,000 IU/mL before chemotherapy need to continue antiviral treatment until therapeutic end points for chronic hepatitis B are reached. Meanwhile, some indicated that the efficacy of therapeutic use of antiviral agents may depend on an early start of treatment [4, 18] .
We caution that no significant difference was detected in the rate of reactivation between patients receiving rituximab-containing or non-containing regimens. But it is also interesting to note that a larger proportion in patients having rituximab-containing regimens received routine antiviral prophylaxis, and that likely contributed to the result. Since the initial use of rituximab in the clinic, a number of cases of HBV reactivation after rituximab administration have been reported previously [26, 27] . Moreover, it has been suggested that rituximab may augment the risk of reactivation compared to chemotherapy alone [12, 28, 29] . We found that none of whom having rituximab-based treatment and then experienced reactivation received antiviral prophylaxis. A 44-year-old male who was treated with combination chemotherapy of rituximab plus CHOP (cyclophosphamide, adriamycin, vincristine and prednisone) displayed fatal fulminant hepatitis B after 3 cycles of chemotherapy. We suggest that the states of HBV infection should be monitored closely even though one shows to be negative for HBV DNA levels and prophylaxis should be considered for patients who are scheduled to receive rituximab. Prophylactic or pre-emptive use of antiviral agents and close monitoring of HBVrelated markers including HBV DNA should be considered for high-risk (either HBsAg-positive or anti-HBcAb-positive) patients scheduled to receive rituximab-containing treatment.
Until recently, for this issue, data on patients with other malignancies has been limited. Although the prevalence has been noted to be lower in other cancers, patients with other malignancies who receive immunosuppressive or chemotherapy should be screened for HBV status prior to chemotherapy. Cancer patients found to be HBV carriers or had occult HBV infection should be given NUC prophylaxis as well as lymphoma patients, with the similar therapeutic scheme.
In conclusion, all patients diagnosed with NHL should be screened for HBV status (including HBsAg, HBsAb, HBcAb, HBeAg and HBeAb) prior to the administration of chemotherapy. When any one of the result is positive, the patient should also be tested for the presence of HBV DNA because it remains uncertain whether patients with detectable HBV DNA in this setting are at a risk of reactivation. Even though all markers are negative, vaccination against HBV in such seronegative patients is highly recommended. Furthermore, HBsAg-positive candidates for chemotherapy, regardless of the level of the viral load, should receive pre-emptive NUC administration during therapy and then for 12 months after cessation of therapy. Use of NUCs as prophylaxis in HBV or occult HBV carries has become a standard strategy, but for those with an undetectable HBV DNA level but positive for HBcAb, the benefits of prophylactic NUCs administration still seem to be in dispute. These patients should be followed carefully through ALT and HBV DNA tests so as to treat with NUC in time. Further prospective studies are certainly needed to clarify the cost-effectiveness of antiviral prophylaxis in this group of patients.
